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Polypropylene and other pofyolelihs such as polyethylene, potybutylene and polyisopentylene show 
a strong tendency to deteriorate- in physical properties at elevated temperatures and when exposed to 
ultraviolet light. The deterioration Is evidenced by, among other things, a decrease In viscosity, a 
tendency to become brittie, and a discoloration which is particularly pronounced at the exposed edge of 
the materiaL This deterioration can be accompanied by distortion, cracking, and powdering of the 
matenai. The deterioration is accentuated in the presence of oxygen. 

To overcome these drfficuities, many stabilizer systems have been proposed for combination with 
polyolefina, with varying degrees of success. No single stabilizer has proved adequate, and 
combinations, of stabilizers are consequently used almost exclusively. MosTstabillzed polyolefins on the 
market contain one or more of such stabilizer combinations. The detedoration appears to be due to a 
combination of factors, and a combination of stabiiizers is therefore more capable of coping with the 
various types of deterioration. However, the retention of gcxsd physical properties over long periods of 
time remains rather difficult to achieve. 

Of the many stabilizer systems that have been proposed, one particularly satisfactory stabilizer 
system is described in US — PS 3 255 136. This stabilizer system comprises three stabilizers: an 
organic mono> or poiyhydric phenol, an organic phosphite, and a thiodlpropionic acid ester. An 
additional fourth ingredient, which is preferred but not essential is a polyvalent metal salt of an organic 
acid. These three and four stabilizers together give an enhanced stabilization which is not obtainable 
from any of them alone, or in combinations of two. , 

In these combinations, the phenol alone gives an improved resistance to embnttlement and 
reduction in melt viscosity of polypropylene at elevated temperatures, but little assistance as to 
maintenance of coior. The phosphite alone is a rather poor stabilizer in preventing deterioration in the 
first two properties, but it does assist in resisting discoloration. The two together are worse than the 
phenol alone in every respect except color, which is Intermediate. 

The thicdipropionic acid ester by itself only Improves resistance to embnttlement. The polyvalent 
metal salt of an organic acid by itself only prevents discoloration. In combinations with the phenol, the 
coior is worse than with the salt alone, and combinations with phosphite only, discoloration is 
prevented. The effectiveness of all three or four Ingredients taken together against all of these types of 
deterioration is therefore particularly surprising. 

The organic phosphite can be any organic phosphite having the formula (FlAJg — P, in which A can 
be oxygen or sulfur or a mixture of the same, and R is aryi, alkyl, cycioalkyi, aralkyi or aralkaryl In any 
combination. A variety of tris-alkaryi phosphites are disclosed, such as tris-{tertiary-octyl- 
phenyDphosphite and tria-(tertlary-nonyl-ph6nyi)phosphite, but no tris-(aikaryl)phosphites having more 
than two alkyl groups per phenyl group. 

Organic phosphites have been widely used as stabilizers for polyolefins and similar polymeric 
materials, and many different types of phosphites, some of rather complex structure, have been 
proposed. US — PS 3 255 136 and 3 655 832 have suggested organic phosphite-phenol 
transesterificatton products, the preferred phenol being a bis-phenol. Other types of 
tris-lalkar/llphosphite esters have been disclosed in US^PS 2 220113; 2 220 845; 2 246 059; 
2 419 354; 2 612 488; 2 732 365; 2 733 226 and 2 877 259. Additional tris-{alkaryl) phosphites are 
disclosed in US — PS 3 167 526; 3 061 583; and 3 829 396; FR — PS 1 496 563 and 1 497 390; 
QB — PS 1 058 977 and 1 143 375. 

US — PS 3 829 396 discloses biS'(2,4-di-tertlary-butyl phenyl) cyclohexyl phosphite and 2,4-di- 
(tertiary butyl) phenyl dicyclohexyl phosphite, which are liquids, 

FR — PS 1,496,563 describes phosphites derived from 2,6-di-tertfary-butyl-hydroqulnone and 
2,5-di-tertiary-butyl-hydrDqu!none, and it Is suggested that they can be used with thiodlpropionic acid 
esters of olefin polymers. 

GB— PS 1,143 375 has a similar disclosure; tris-(2,5-dl-tertlary-butyl-4-hYdroxy-phenyl)pho8- 
phlte is disclosed. 

GB — PS 1,058,977 discloses 2,4,6-tri-sub8tituted aryl phosphites, the substituents Including 
tertiary-butyl groups. 

FR — PS 1,497,390 discloses tris-<3,5-di*alkyl-4-hydroxy-phenyl)phosphites, as well as tris-{3- 
lsopropyl-5-tertlary-butyl-phenyl)phosphite. 

US — PS 3,558,554 provides olefin polymer compositions containing as a stabilizer an 
organophosphite having the general formula: 




2 



wherein 

and R2. ^ach reprssents a member selected from the group consisting of substituted and . 
unsubstftuted alkyi, cy^loalkyl, aryl aikaryl, aralkyl, and aliphatic thio ether groups and Rg, R4 and Rg 
each represents a member selected from the group consisting of hydrogen and alkyi, cycloalkyi, aryl, 
5 alkaryL and araikyi groups, at least one: of said- R3 ancT R4 being a tertiary butyl group. 

Suitable organo phosphltea Include, for example, dlni-butyl (2-^-butyl-cresyl)phosphfte» di-n- 
hexyl(2-t-butyl-m-cresyl)phosphIte, dl-n-hBxyl(2'r-butyl-p-crasyl)phosphi'te, di-n-octyl(2-t-butyl-p- 
cresyOphosphfte, di - n - butyl - 3,4 - di - r- biityl - phenyDphosphite. dl - n - butyl - (2.6 -cji - 1 - butyl- 
p-cresyl>phosphite, dl-phenyM2-t-butyl-p-cresyl)ph08phhe, tri-(2.-t-butyl-p-cresyl)phosphlta, dHethyl- 
thloethy1)-{2-t-butyl-p^cresyl)phosphfte, dl(octyhhloethyi) (2-t-butyl-p-cresyl>phosphite, and trK2,4-di- 
t-butyl-phenyOphosphitai. 

Many organic phosphlteaT have bean proposed as^ stabllizere for polyvinyl chloride resins, and are 
employed either alone or In conjunction with other stabilizing compounds, such as polyvalent metal 
salts of fatty acids and alkyi phenols. Such phosphite stabilizers normally contain alkyi or aryl radicals in 
suffkstent number to satisfy the three- valences of the phosphite, and typical phosphites are described in 
the patent literature, for example, US — PS 2,564,646, 2,716,092 and 2,997,454. 

Organic phosphites have also been added as stabilizers In amounts of 0.01 to 1%, preferably 
0.05% to 0.2% by weight, to high molecular weight polycarbonate plastics, for example the 
poiycarbonats of 2,2'-bIs(4-hydroxyphenyl)propane of molecular weight 10000 and up to over 50000 
20 as disclosed by US— PS 3,305,520. 

US — PS 2,860,1 1 5 discloses compositions of organic phosphites with metal salts of carboxyilc 
acids used in olefin polymers. 

Phosphites are also employed in conjunction with other stabilizers such as a polyhydric phenol In 
the stabilization of polypropylene and other synthetic resins against degradation upon heating or ageing 
2S under atmospheric conditions. The polyhydric phenol is thought to function as an antlo)ddant in such 
combinations. Disclosures by US — PS 2,726,226, 2,985,617, 3,039,993, 3,080,338, 3,082,187, 
3,115,465, 3,167,526, 3,149,093, 3,244,650, 3;225,136, 3,255,161, 3,352,820, 3,535,277, 
3,586,657, 3,866,728, 3,869,423 and 3,907,517 and GB — PS 846,684, 851,670 and 866,883 are 
representative of stal^ilizer combinations including organic phosphites, polyhydric phenols, and other 
30. active ingredients. 

The Importance of organic phosphites are stabilizers for synthetic resins has led to the 
development of a large vanety of speciEd phosphites intended to provide improved stabilizing 
effectiveness and compatibiilty and ease of compounding with the resin and with other stabilizers 
commonly used. However, the phosphites which have been proposed have not been entirely successful, 
3S partly because of their complicated structure, which makes them costly to prepare, and partly because 
of their difficulty of preparation. 

Among these special phosphites, US — PS 3,047,608 discloses a class of biphosphites having the 
formula: 



^P-O=-Z-0-P^. and R1-0-P 

OR4 "^OCHa-^ ^CH20 



4S 



SO 



55 



P-<>=-Z-0-P^ • ' and Ri-0-P^ ^^CT P-OR2 
In which 

^ JJy ^2'.,^^,^^^^ are aikyi or aryl and Z is — CH,CH-SCH,CH,0 — 

--C^CHjSO,C,CH2-WH,CH^04-, or (CHCHjCH,), where x la at least two, and in US^S 3,053,878 a 
class of linear phosphite polymers having the formula; 

^OCHg CH2O 

-O^P P-O-Q- 
^OCH2 CH20'^ 



in which 

Q is the a/kyleno or ar/lene portion of a dihydric alcohol or dihydric phenol. 
US — PS 3,112,286 discloses phosphites having the formula: 



3 
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H-O 




HOT' 



to 



20 



in whichr 

R represents: a bulky hydrocarbon group such as t^utyl, t-*amyl, t-hexyl', cydohexyU t-pentyl, t- 
octyl, phenyl and the like; 

R, represents hydrogen and R; 

R, represents an alicyi group from six to twenty carbon atoms which is preferabiy in the meta or 
para position; 

X represents a number of from 1 to 3 Inclusive^ 

y represents a number of from 0 to 2 Inclusive and the sum of the numerical value of x + y is 
afwaye exactly 3. 

US — PS 3,297,631 discloses condensation products of phosphorus compounds with l^sphenols 
and trisphenols which may be represented by the structures: 



OH 



2S 



30 



R R 






45 where: 

X ts selected from the following: >P — OR'; >P — R'; 



so 



and Y Is selected from the foiiowing: — PCOROj: 



6Q 



^OR' 






IN 




OR' 








-PC: 




no 



-PRg' ; -P(0H)2: 



(R')2 

^ R is hydrogen, alkyi of one to sixteen carbon atoms oraryl or a combination of these; R' is aikyi of one to 
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sixteen carbon atoms-or aryL and R" fs aJkylldena of one-ta sfi^een carbon atoms. or an |ifyl>-6ubstitatad^. 
aikyltdene. 

US — PS 3,305v60a discloses phenolic phosphites useful as polymer stabilizers prepared by 
reacting: a triorganophosphlte^ a polyol, and an aromatic material having two to six phenolic hydroxyl 
groups at 60** to 180®C in specified proportions. 

US — PS 3>41ZrOS4- discloses: phenolic phosphites, represented by the general formula: 



10 



IB 



20 



R R 
R R 



-J X 



1 

O 



6 



R R 
R R 



2S 



30 



3S 



where 

X Is from 1 to 3, y and z each from OtoZ^x-t-y-i-zsa^R ishydrogen or alkyi and Y Is hydroxyl or 
a group of the formula: 



R R 



_^_Q_OH 

"1 ri 



R R 

where R is hydrogen or alkyJ. 

US — PS 3,419^524 discloses phosphites useful as polymer stabilizers having the formula: 



40 



4S 



R^O 
R2O 



■OP-CRflO 
I ^ 

o 

R4 



— p 



^ORq 



where R^, R,, R4, Re and R7 are aryl or haloar/i, and R3 and Rg are a polyalkyildene glycol or an aikyltdene 
bisphenol or a hydrogenated alkylldene bisphenol or a ring-halogen ated alkylldene bisphenol from 
so which the two terminal hydrogens have been removed. 

US — PS 3,476,699 and 3,655,832 discioae organic phosphites containing a free phenolic 
hydroxyl group and defined by the formula: 



55 



(Ar)p-Y-Ar-O-P; 



Z 



^ wherein 2L Is selected from the group consisting of hydrogen and aliphatic, cycloaliphatfc, aromatic, 
haterocycJIc and (Ar)p — — Ar groups, taken in sufficient number to satisfy the valences of the two 
phosphite oxygen atoms; Y Is a polyvalent linking group selected from the group consisting of oxygen; 
ailphatiCp cycioaliphatic and aromatic hydrocarbon groups attached to each Ar group through a carbon 
atom not a member of an aromatic ring; oxyallphatic; thtoaliphatic, oxycycloaiiphatic, thiocycloallphattc; 
heterocyclic, oxyheterocycilc, throheterocyciic, caibonyl, suifinyi; and sullbnyl groups; Ar is a phenolic 
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nucleus: which can bB phenyl or polycarboeyciic group having condensed or separate phenyl rings; 
each Ar group is either connected through an oxygen atom to a phosphilB group or contains a free 
phenolic hydroxyl group, or both; and p la a number, one or greater, and. preferably from ona to four, 
which defines the number of Ar groups linked to Y. 

US — PS 3,516,963 discloses phosphites having tha formula: 



to 



fff 



OH 



OR 



20 where R Is alicyl, alicenyl, aryi, arailcyi, haioaryi, haioalicyl or 



2S 



30 




CI-^CI^CH 



OH 




OH 



d5 



and n is an Integer of at least 1 . n can be 2, 3, 4, 5, 6, 7, 8, 1 0, 50, 1 00 or even more. 

US — PS 3,510,507 and 3,691,132 disclose polyoleflns stabilized with poly phosphites, 
polyphosphates, polyphosphonltes, polyphosphonates, polyborates, polycarbonates, and polysilanes 
which are condensation products of a 4>4'-bisphenol with a condensing or linking agent which may be 
of ^e ester type, such as the esters of triaryl or mixed aryl-alkyi compounds, or the acid haiide type. The 
above-described condensation product stabilizers have molecular weights between 600 and 8000 or 
higher and are described by the structural formula: 



so 



55 




O-Y- 



J n 



where X is selected from the group consisting of 

R 



so — C — C, and C — ^A — C — where A is a to 0,^ alkylene or an arylene; R', R", R'''. and R"" are selected 
from the group consisting of hydrogen, C, to C,a alkyls, and an aryl group; Y is selected from the group 
of 



6S 



6 
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o o 

11 il 

— P— , — P— — (?— , P— ^ and -*B— 
I I I.I i 

OR OR R R OR 

where R Is hydrogen, a C, to C,a alkyl or aryl; 

O O * 0 

II II II 

— C— , — C— (CHi)„— 

where m fs O to 10, preferably 4 to 8, 

ts ' 

O O 

II 11 
— C— A^— G— 

20 Where A' is (CHJ„— S— (CHJn or — <CH,)„— S — (CHJn.— S— <CH2)„ where n Is 0 to 10, preferably 2 
and m IS O to 10, preferably 5; 



to 



2i 



30 



as 



40 



43 



GO 



5S 



— SI — and 
I I 
R . .R 

where R is an alkyl* preferably methyl, and Z Is 

R^" 



R R 

I 1. 




where R', R'', R*'", R"", and X correspond respectively to the R', R'", R"", and X previously 
selected when n has a value from 1 to 1 5, or may be derived from the compound used to Introduce Y 
into the product when n has a value from 2 to 1 5, for example, — -R or —OR where R Is hydrogen, an 
alkyl, or ar^L When Y in the above, formula of stabilizer Is 



OR 

the stabfllzer Is'Ma type of hydroxyar^l phosphite.. Similarly, when Y In the formula Is 



the stabilizer Is a hydroxyaryl carbonate. 

The above described condensation products are described as especially effective in high 
molecular weight solid polyoiefins when used together with a diaiky) sulfide costabSilzer such as dtlauryl 
so thiodiprapionate, distearyi thiodi propionate , ditridecyl thiodipropionate. dicetyl sulfide, bis(tetradecyl- 
mercapto)parexylylene. and 1 0^4-dithiotetracontane. 

DE — OS 2505071 (abstracted In Chem/'ca/ Abstracts 1976, Volume 84, abstract No, 5945f) 
discloses low molecular weight polycarbonate esters of bisphenols such as 2,2-bls(3-t-butyl-4- 
hydroxyphenylpropane) and 4,4'-butyfidene bisCS-t-butyl-S-methylphenol) prepared In such a way as to 
68 contain few or no free phenolic hydroxyl groups as being highly effective heat and light stabillzera for 
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polyotefTn? and giving a synergistic effect with distearyi thiodipropionate^ tns (nonylphenyOphosphite; 
and distearyi pantaerythrltoi diphosphite'. 

In' aecofdancer with the* pFesant Invention, there- are provided 2,&-di-tartiary^bU:tyl phenyl 
pentaerythritol spiro bisrphosphitea- liaving the generaJ structure: 

R 
1 

CH3-C-CH3 

CH3-C-CH3 

R 

wherein: 

R is aiicyl having from on& to six carbon atoms; 
IS methyl or ethyl; 

Rj Is selected from alky! having from 1 to 18 carbon atoms; cycloaikyi having from 3 to 12 carbon 
atoms; and alkary^ and aryl having from 6 to 30 carbon atoms; such groups substituted with from 1 to 4^ 
oxy ether{ — O — ) and/or carboxylic ester groups; the residue of a polyhydric alcohol having from 2 to 
1 8 carbon atoms, and from 2 to 1 0 hydroxyl groups, the residue Rj being bond to the phosphorus atom 
by an oxy group of a hydroxyl group; and the residue of a poiyphenol having from 6 to 1 8 carbon atoms 
and from 2 to 1 0 phenolic hydroxy! groups, the residue R, being bond to the phosphorus atom by an 
oxy group of a phenolic group and'R, may be a benzyl radical when R is a methyl radical and R^ is an 
ethyl radical. 

Stabilizer compositions are provided comprising a phenolic antioxidant and such phosphites as 
weii as synthetic resin compositions having an enhanced resistance to deterioration by heat and/or light 
due to the presence of such a phosphite and/or stabilizer compo^tion. 

These phosphites and stabilizer compositions are capable of enhancing the resistance to 
deterioration due to heat and/or ligtn of synthetic resins such as a class, when combined therawith In 
small amounts, within the range from 0.01 to B% of the phosphite and from 0.01 to 10% of the 
stabilizer composhiion, by weight of the synthetic resin. 

Exemplary R and Rj allcyl groups include, for example, methyl, ethyl, propyl, Isopropyl, butyl, 
secondary butyl, tertiary butyl, isobutyl, amyl, isoamyl, secondary amyl, 2,2-dimethYl propyl, tertiary 
amyl, hexyl, isohexyl, heptyt, octyl, 2-ethyl hexyl, isooctyl, nonyl, isononyl, decyl, isodecyl, lauryl, 
myristyl, palmityl and stearyi. 

R2 may also be cycloaikyi having 3 to 12 carbon atoms, including, for example, cyckspropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclododecyi and alkyl-substituted 
cycloaikyi such as 4-methvlcyclohexyi, 4-methy I cyclopentyl, and p-dimethylcyclohexyl. 

Rj alkaryl and aryl groups Incfude phenyl, dlphenyi, naphthyl, tolyl, xylyl, ethylphenyl, butylphenyi, 
tertiary butyfphenyl, octylphenyi, 2,6 - di - t - butyl - 4 - methylphenyl, 2,6 - di - t - butyl - 4 - 
(2 - methoxycarbonylethyDphenyl, isooctylphenyl, t - octylphenyi, nonylphenyl, 2.4- - di - t - 
butylphenyi, cyclohexyiphenyl, cyclooctyl phenyl, 4 - methoxyphenyl, 4 - ethoxyphenyl, 3 - 
laur/loxyphenyl, 2 - methoxy - 4 - methylphenyl, 2 - t - butyl - 4 - methoxyphenyl, 4 - 
benzyloxyphenyl, and 3,4 - methylenedioxyphenyl. 

Examples of Rj alkyi and alkar/l including ether and carboxylic acid ester groups include 2,6-di-t- 
butyl-4-(2-methoxycarbonyiethyl^phenyl, 4-methoxyphenyl, 4-ethoxyphenyl, 3-1auroxyphenyl, 2- 
m6thoxy-4*methyiphenyl, 2-t-butyi-4-methoxyphenyl, 4-benzyloxyphenyl, and 3,4'-methytenedioxy- 
phenyh 

R2 can also be the radical derived from a polyhydric alcohol or polyphenol having at 2 to 10 
alcoholic or phenolic hydroxyl groups capable of being esterffied with trivalent phosphorus of a 
phosphite, of which at least one such group ( — O — ) is bond to the phosphorus atom and the remaining 
hydroxy group or groups may be taken up with a phosphorus atom of another molecule of the 
diphosphite or may be free, such as, radicals derived from ethylene glycol, glycenDl, erythritoi, 
pentaerythritol, sorbitol, mannitol, dulcitol, trirnethylol ethane, trimethyloi propane, trimethylol butane, 
1 ,2-propanedloi, 1 ,3-propanediol, 1 ,2-butanediol, 1 ,4-butanedlol, neopentylglycol, thiodiethylene- 
glycol, 1 ,6-hexanedlol, 1,1 0-decanedioI, 1 ,4-cyciohexanediol, 1 ,4-cyclohexanedimethanol, 1 ,4- 
phenylenedimethanol, hydrogenated Bisphenol A, glycerine, trimethylolethane, trimethylolpropane, 
tri s(2-hydroxye thy 1) isocya n u ra te . 

Also included are the said radicals derived from polyoxyalkylene polyols containing one or more 
oxyalkyiene groups with terminal hydroxyis free or etherifled with alkvl, cycloaikyi or phenyl aroups 
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having from T to 10 carbon atoms. Bcempllfying thia class- are methyl Celldsotv^r stM Celiow)fve®, 
isopro|3y4 Cellosolvd®. but/l CeUosolva®, h^l Cellosoiv^, eycibhaxyl CeflosoLv^^ and phenyl 
Cdllosotv^, m^hyl Cartsitol®, ethyl CaEbtoJ®, Isopropyl Carfaltol®, butyl CJffrbltol®, and isobutyl 
Carbltoi®, dipropyleneig^GoIr diethylenerglycol,. triethylene glycol, triediylen&^ycsol nrronomethyl ether, 
triethylene glycol monoathyl ether, triethylene: glycol monobutyl ether, glyceryl 1,Z-dimethyl ether, 
glyceryl 1 ,ardriTTethyl ether, glyceryl 1;arcl!ethyl ether and glyceryl T-ethyh2-propyl ether; nonyl 
phenoxy; polyethoxy ethyl, and lauiyloxy polyethoxyethyi. 

Exemplary potyhydric phenols from which the radrcalar may be derh^ed Include- hydroqurnone, 

2.5 • dl - 1 - butylhydroqulnona, 2,33 - trim^hylhydrGquInonoj 2 - methylresorcinol, 2,6 - di - t - 
butylresorcinol, 2,2' - methylenebis. (4 - methyl - 6h - t - butyiphenol), 2,2' - methylenebis^4 - 
ethyJ - 6 - t - butyl - phenol), 2,2' - methy4enebis[4' - methyl - a - (-methylcyciohexyl)phenoll, 
2,2' ~n - batylldenebjs(4*6 - dimethylphenyl), 1,1 -blia-(2' -hydroxy - 3\5^ - jdimethylphenyl) - 
3,6;,5 - trimethythexane, 2,2' - cyclohexylklenebrs(4. - ethyl . e - t - but/lphenoO, 2^' - thlobls(4- 
t - butyl -8 - methylphenol), 2,2.' - Isopropylldene bls<4 - t - butyl - 8' * metiiylphenol), 1,4- * 
benzylidenebis(4 - ethyl - 6. - t butylphenol), 2,2' - thiobls(4 - methyl - 6 - r - batylphenol), 
2,2' - th]obls(4,6 - di - t - butylphenol), 4s4r - methylene bi5(2 - methyl • 6* - t - butylphenol), 
Blsphenol A, 4v4' - isopropylldenebia (2 ^ phenyl ethylphenol), 4>4' - n - butyndenebis(3 - methyl- 
6 ^ t - butylphenol), 4,4' - cyclohexylideneblsphenol, 4>4-' - cyclohexyildenebis (2 - t - butyl - 
phenol), 4>4' -cyclohexyiidenebls(2 - cyclohexylphenol), 4A' - benzyfiden6bis(2 - 1 - butyl • 5 - methyl- 
phenol), 4.4' - oxablsO - methyl - 6 • isopropylphenol), 4>4' - thiobIs{3 - methyl - 8 - 1 - butylphenol), 
4,4' - sutfbbisO - methyl - 6 - 1 - butylphenol), bls(2- methyl - 4- hydroxy - 5 - 1 - butylbenzyOsulflde, 
and 1,1,3 - tris{2' - methyl - 4^ - hydroxy - 5' - t - butylqhenyDbutane. 

Exemplary 2,6 - di - t - butylphenyl pentaerythritol spiro bisphosphltes useful with phenolic 
antioxidants In accordance with the Invention Include 2,8 - di • t - butyl - 4 - methyl isotridecyi 
pentaerythritol dl-phosphate> 2,6 - df - t - butyl - 4 - ethyiphenyt 2 • ethylhexyl pentaerythritoi 
diphosphlte, 2,0 -di -t - butyl -4 - methyiphenyl phenyl pentaerythritol diphosphlte, 2,6 -dl -t - 
butyl - 4 - methylphenyi methyl pentaerythrrtol diphosphlte, 2,6 - di - t - butyl - 4 - methylphenyl - 
2 - ethylhexyl pentaerythritol diphosphlte, 2,6 - di - t - butyl - 4 - methylphenyl isodecyl penta- 
erythritol diphosphlte, 2,6 - dl - t - butyl - 4— ethylphenyl lauryl pentaerythritol diphosphite, 2,6 - 
dl - t butyl - 4 - ethylphenyl isotridecyi pentaerythritol diphosphlte, 2,6 - dl - t - butyl - 4 - 
methylphenyl stearyl pentaerythritol diphosphlte;. 2,6 - dl - t - butyl - 4 - methylphenyl cyclohexyl 
pentaerythritol diphosphlte; 2,6 - di - t - butyl - 4 - ethylphenyl benzyl pentaerythritol diphos- 
phitei. 2,6 - di - t butyl - 4 - methylphenyl 2 - ethoxyethyl pentaerythritol diphosphrte, 2,6 - 
di - t - butyl - 4 - methylphenyl 3,6 - dioxadecyl pentaerythritol diphosphite, 2,6 - dl - t - 
butyl - 4 - methylphenyl octytphenyi pentaerythritol diphosphlte, 2.6 - di - t - butyl - 4 - 
methylphenyl nonylphenyl pentaerythritol diphosphite, bis(2,6 - di - t - butyl - 4 - methylphenyl) 
pentaerythritol diphosphite, bis(2,6 - di * t - butyl - 4 - ethylphenyl) pentaerythritol diphosphite, 

2.6 - di - t - butyi - 4 - methylphenyl - 2,6 - di - t • butylphenyl pentaerythritol diphosphlte, 2,6 - 
df - t - butyl - 4 - methylphenyl - 2,4 - di - t - butylphenyl pentaerythritoi diphosphite, 2,6 - di - 
t - butyl - 4 - methylphenyl - 2,4 - di - t - octylphenyl pentaerythritol diphosphite, 2,6 - dl - t - 
butyl - 4 - methylphenyl - 2 - cyclohexyl phenyl pentaerythritol diphosphite, 2,6 - di - t - amyl - 4 - 
methylphenyl phenyl pentaerythritol diphosphite, bi5(2,6 - di - t - amyl - 4 - methylphenyl) penta- 
erythritol diphosphite, bis(2,6 - dl - t - amyl - 4 - methylphenyl) pentaerythritol diphosphlte* 

These phosphltee are readily prepared by conventionai procedures. Thus, for example, the 
corresponding Z6-<ii^4>utyl-4-methyi or ethyl phenol can be reacted with phosphorus trichloride or a 
triphosphlte such as trimethyl phosphite gr triphenyl phosphite, pentaerythritol, and RjOH In the' 
presence of a basa^ such as an amine catalyst, to form the phosphite. 

The following Example serves to Illustrate the procedure: 
^ . '* 

' Example I 

Synthesis of bis(2,6-dl-t-buty}-4-methylphenyOpentaerythritol diphosphlte. 
2,6-DI-t-butyl-4-methyiphenoi 11.02 g {0.05 mole) and triethylamine 6.1 g (0.06 mole) were 
- dissohfed tn 50 ml of chloroform and then PCI, 6.88 g {0.05 mole) was added dropwise at room 
temperature. 

The reaction mixture was heated at 50^0 for nine hours. Pentaerythritol 3.41 g {0.025 mole) end 
triethylamine 16.2 g (0.12 mole) were then added and the reaction mixture heated an additional nine 
hours at 55 to SO^C under a stream of nitrogen. Then, solvent was distilled off, and 1 00 ml of benzene 
was added. The precipitated triethylamine hydrochloride was filtered and the benzene was evaporated. 

The residual solid was recrystalllzed from benzene, and a white powder of m.p. 244^C was 
obtained. 

The phenolic antioxidant component of the stabilizer composition of the Invention can be a liquid 
or a solid, and contains one or more phenolic hydroxyl groups, and one or more phenolic nuclei, and can 
contain from 8 to 300 carbon atoms. In addition, the phenolic nucleus can contain an oxy or thio ether 
group. 

The allcyl-substltutBd phenols and polynuclear phenols, because of their molecular weight, have a 
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higher boiling point and therefore- are* preferred- because: of their lower volatility. There can be one or a. 
plurality of alkyl groups of one^or more carbon atoms. The-aikyt group or groups including any alicylene 
groups between phenol nuclei preferably aggregate at least* four carbon atoms. The longer the alkyl or 
alkylene chain, the better the compatibility with the. liquid stabilizer system, and therefore there is no 
s upper limit on the number of allcyl carbon atoms.. Usually from the standpoint of availability, the 
compound will not have more than eighteen carbon atoms in an aticyl, ailcyclidene and altcyiene group, 
and a total of not overfifty' carbon atoms^ The compounds may have from one to four aikyl radicals per 
phenol nucleus; 

The phenol contains at least pne and preferably at least two phenolic hydroxyls> the two or more 
10 hydroxyie being In the same ring, if there is only one^ In the case of blcyclic phenols* the rings can be 
linked by thio or oxyether groupSr or by alkylene, alicyclidene or arylidene groups. 
The monocyclic' phenols which can be employed have the stnicture: 

fS 



29 




20 R is selected from the group consisting of hydrogen; halogen; and organic radicals containing 

from 1 to 30 caibon atoms, such as alkyl, aryl, alkenyl, alkaryl, aralkyi, cycloalkenyl, cycloalkyi, alkoxy, 
and acyl 



O 



where R' fs aryl, alkyt or cycloalkyi; 

x, and Xjt are integers from one to four, and the sum of x^ and x, does not exceed six. 
30 The poiycyciic phenol employed in the stabilizer combination Is one having at least two aromatic 

nuclei linked by a polyvalent linking radical, as defined by the formula: 

{Ar)„— Y— <Ar)„^ 

3S I I 

(OH)„, <OH)^ 

Y is a polyvalent linking group selected from oxygen; carfaonyl; sulfur sulflnyi; aromatic, aliphatic 
and cydoaliphatlc hydrocarbon groups; and oxyhydrocarbon, thiohydrocarbon and heterocyclic groups. 
40 The linking group can have from 1 to 20 carbon atoms. 

Ar is a phenolic nucleus which can be a phenyl or a polycarbocycllc group having condensed or 
separate phenyl rings; each Ar group contains at least one free phenolic hydroxyl group up to a total of 
five. The Ar rings can also include additional rings connected by additional linking nuclei of the type Y, 
for example, Ar— Y— Ar — ^Y — ^Ar. 

m^ and m^ are numbers from one to five, and n, and nj are numbers of one or greater, and 
preferably from one to four. 

The aromatic nucleus Ar can, in addition to phenolic hydroxyl groups, include one or more inert 
substltuents. Examples of such inert substituents include halogen atoms, e.g., chlorine, bromine and 
fluorine; organic radicals containing from 1 to 30 carbon atoms, such as alkyl, aryl, alkaryl, aralkyi, 
90 cycloalkenyl, cycloalkyi, alkoxy, aryioxy and acyloxy 

(R'C— O) 
55 

where R' is aryl, alkyl or cycloalkyi, or thiohydrocarbon groups having from 1 to 30 carbon atoms, and 
carboxyl 

90 II 

O 

groups. Usually, however, each aromatic nucleus will not have more than eighteen carbon atoms in any 
hydrocarbon substituent group. The Ar group can have from one to four substituent groups per nucleus. 

69 
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Typical aromatic nuclei inc1ud» phenyl, naphthyl, phertanthr/l> triphenylenyL antKracenyJ^.pyrenyf, 
chrysenylr and fluorenyt groups^ , ^ ^ ^ 

N/Vhen Ar ia a benzerte- nucieua^ the^ polyhydric polycyehe phenol has the structure: 

5 



to 




wherein 

R), R2 and R, are inert eubatfltuent groups selected from the group consisting of halogen, alkylr 
aryl, alkaryl, aralkyt cycloalkenylr cycioalkyi, alkoxy, aryloxy and acyloxy 

20 

(R'C— O) 



29 where R' Is aiyi, alkyi, or cycfoalkyi containing from 1 to 30 carbon atoms; thiohydrocarbon groups 
having from 1 to 30 carbon atoms, and carboxyl groups; 

m-, and m, are Integers from one to. a maximum of five; 
m^ is an Integer from one to a maximum of four; 
X, and X3 are Integers from zero to four; and 
so Xj Is an integer from zero to three; 

is an Integer from zero to six; and 
y, is an integer from one to five, preferably one or two. 
Preferably, the hydroxyl groups are located ortho and/or para to Y. 

Exemplary Y groups ara alkylene, aJkylidene, and alkenyiene arvriene, alkylaryiene, arylalkylena, 
3S cycloalkylene, cycloalkylidene, and oxa- and thia-substituted such groups; carfaonyl groups, tetra- 
hydrofurans, esters and triazino groups. The Y groups are usually bi, tri, or tetravalent, connecting two, 
three or four Ar groups. However, higher valency Y groups, connecting more than four Ar groups can 
also be used. According to their constitution, the Y groups can be assigned to subgenera as follows: 

40 (1) Y groups where at least one carbon In a chain or cyclic arrangement connect the aromatic 

groups, such as: 



48 



I ^"^^ -CH— CaKr C 



r 



C3 H7 2'^5 "P^^" 



S8 



CH3 CgHg 



60 CHg 



-CH- : -^^J CH2-A-CH2- ; -c^^-^ ;-CH2- : -CH2 






'3 



6S 
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o o 



C2H5 



H 

I 

CH^ 



CH3 j-'-'^-N^ CH3 -CHo-CH- 



H 



H 
I 



I 



•CH, 



H H„ 



. CHg-CH— r V-OH ; 
CH- CH- 



<2) Y groups made up of more than a single atom including both carbon and other attms linking 
the aromatic nuclei, such as: 



-CH2-O-CH2-- : -CH-CJ^-O-Ct^-CH- ; -O-O-^-CH^-O- ; 



CH, 



CH. 



-CH, 



O 
II 

-c-o-<ci-^)^ 



o o 

II - li 

--CH2CH2--C--0-CH2CH2--0--C--CH2C»-^j- ; 



'8^17 



-CHg-S- ; -CHg-S-CHg- ; and 



S 

I 

n'^ n 

I II 
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Although the relatiorr of effectiveness » chemrca I structure Is Insufficiently understood, many of 
the most effective phenols have Y groups of subgenus (1), and accordingly this Is preferrad. Some of 
these phenols can be prapared by the alkylatfon of phenols or alkyi phenol8= with polyunsaturated 
hydrocarbons such as dicyclopentadiene- or butadiarre. r_,,^*^ 

Representative: phenols Include gualacol, resorolnoi monoacetate, vamllin, butyl salicylate, 
2,6 - dl - tert- butyl - 4^- nrterthyl phenol, 2;6 - dl - 1- butyl - 4^-aec - butylphenoU 2 - 1 - butyl - 4— meth- 
oxy phenol, 2,4 - dinonyl phenol, 2,3 - tetradecyl phenol, tetrahydro - a - naphthoic o-, and p- 
cresoU o-, nr- and p-phenylphenol. o^, m^ and p-xylenols, the carvenols, symmetricai xylenol, thymol, 
0-, m- and p-nonylphenol, o-, m- and p-dodecyl-phenol, and o-, m- and p-octyl phenol, o-> and: m-tert- 
butyl - p - hydroxy - anIsolS'p • rt - decyloxy - phenol, p - n - decyloxy - cresol, nonyl • " - 
decyloxy - cresol, eugenol, iisoeugenol, glyceryl monosaiicylate, methyl - p - hydroxy - cinnarnatov 4 - 
benzyloxy - phenol, p - acetylamlnophenol, p - stearyi - amlnophenoi, methyl - p - hydroxy benzoate, 
D - dl - chtorobenzoyl - aminophenol, p - hydroj^aallcyl amlfde; stearyl - (3,5 - dimethyl - 4 - 
hydroxy - benryl)thteglycoiate, stearyl - 0 - (4 - hydroxy - 3,5 - dr - t - butylphenyl)proplonate, 
distearyl - 3,5 - df - t * butyl - 4- - hydroxybenzylphosphonate, and dlstearyl(4 - hydroxy - 3. - 
methyl - 5 - t - butyDbenzylmalonate* . . ^ ^ , 

Exemplary polyhydric phenols are orcinol, propyl gallate, catechol, resorwnol, ^ - oclyl - 
resorclnol, 4 - dodecyl - resordnol, 4 - octadacyl - catechol, 4 - isooctyl - phlorogluclnol, 
pyrogallol, hexa hydroxy benzene, 4 - Isohexylcatechoi, 2,5 - dl - tertlaiy - butyl resorclnol, 2,6 - dl - 

'~''~g2mpC'^!S3ric polvcycllG phe^^ - methylene bis (2,6 - di - tertianr - butyl - 

phenol), 2i' - roethytenebte (4- - methyl - 6 - t - butylphenol). 2,2' - ethylldenebis 4.,a - d^ - t - 
butylphenol), 2.2- bis - (4-- hydroxy phenyl) - propane, methylene bis (p - cresol), +.4' - benzyhdene 
bte(2 -tertiary - butyl -5 - methyl - phenol), 4,4' - cyclohexyHdene bis(2 - tertiary - butylphenol). 
zi' - methylene Ws(4- methyl - 6 - (V - methyl - cyclohexyDphenol), 2,6 - bis^2' - hydroxy - 3' - 
Srtanr - butyl - 5' - methylbenryi) - 4 - methylphenol, 4,4^ - bis(2 - terrtary - butyl - 5 - 
methylphenoi). 2^' - bl8(4 - hydroxy - phenyDbutane, ethylene bls{p - cr^l), 2,2' - methyleneb.s 
{4 - methyl - er - nonylphend), 4>4^ - isopropylidenebis (2,6 - di - t - butylpheno ), 4..4 - 
butyiidene bis (2,6 - dl - t - butylphenol). 4>4' - butylidenebis(e - t - butyl - m - cresol), 1,1,3 - 
tris(2 - methyl - 4 - hydroxy - 5 - t - butylphenyl)butane, 2,6 - bis (2 - hydroxy - 3 - nonyl - 5 - 
methvlbenzyl) -4 - methylphenol. 4,4' -n - butyiidene - (2 -t - butyl -5 - methy phenol). 2.2 - 
m«thylenebte(4 - methyl - 6 - d' - methyl - cycJohexyDphenol). 4.4' - cyclohexylenebis (2 - tertlaty - 
butylphenol). 2.6 -bis(2' - hydroxy -3' -t - butyl - 5' - methylbenzyU " * " '^'f.**iy'P:5®"™JtA^i ' 
bis(naphthalene -2.5 - dioOpropane. and 2,2' - butylenebis(naphthalene -2.7 r d'o'V <3 " "Jf *V' " 
i - tenTbutyl - 4 - hydroxyphenyl) - 4' - hydroxyphenyl)propane. 2.2' - methyl|nebjs " "^etM - 
S - Isopropylphenol), 2.2' - methylenebis 5 - tert - butyl - 4- chloropheno I), (3,5 - dl - terr - bujy\ 
4- ISSSihenyl) - (4' - hydroxyphenyDethane. (2 - hydroxyphenyl) - (3',5 - di - tert - butyl - 4^4 - 
hydroxyphenyOethane, 2,2' - m8thyienebis(4 - octylphenol), 4,4' - propylenebls(2 - tert - butyl - 
phenol), 2,2' - isobutylenebi8(4 - nonylphenol), 2,4 - bis(4 - hydroxy - 3 - t - buty phenoxy) - 6 - 
{n -octyithio) - 1,3,5 - trlazlne. 2,4,6 - tris(4 - hydroxy -3 - t - butylphenoxy) - 1 ,3,5 - tnazme, 
4.4^ - bis (4 - hydroxyphenyDpentanoic acid octadecyl aster, cyclopentyiene - 4,4 - bisphenoi, ^ - 
Whylbutylene - 4;4' - bisphenoi, 4,4' - cyclooctylenebis(2 - cyclohexyiphenol), p,/3 - thlod.ethanolb« 
^-ttli- butyl - 4 - hydroxy - phenoxy acetate), 1.4 - butanedlolblsO - tert - butyl - 4 - hydroxy 
phenoxy acetate), pentaerythritoltetra - (4 - hydroxyphenol propionate), 2.4.4' - tri - hydroxy 
benzophenone, 4,4' - bis{4 - hydroxyphenol) pentanoic acid octadecyl thiopropionata ester 1.1,3 - 
tris - (2' - methyl - 4 - hydroxy - 5' - tert - butylphenyl) butane. 1 ,1 .3 - tris - (1 - methyl - 3 - 
hydroxy - 4 - tert - butylphenyDbutane, 1.8 - bis - (2 - hydroxy - 5 - methylbanzoyl - n -octane, 
1 - methyl - 3 - (3 - methyl - S - tert - butyl - 4 - hydroxy - benzyl) - naphthalene, 2,2 - (2 - 
butene) - bis - (4 - methoxy - 6 - tert - butyl phenol) - bis - [3,3 - bis - (4 - hydroxy - 3 - t - 
butylphenyDbutyric acfdl glycol aster, 4,4' - butyiidene - bis - (6 - t - butyl - m - cresol), 1 ,1 ,3 - tris- 
(2 - methyl - 4 - hydroxy - 5 - t - butylphenyDbutane, 1,3,5 - tris - (3,5 - di - t - butyl - 4 - 
hydroxybenzyi) - 2.4,6 - trimethylbenrene, tetrakis [methylene - 3- - (3,5 - di - t - butyl - 4 - 
hydroxyphenyDproplonate] methane, 1,3,5 - tris - (3,5 - dl - t - butyl - 4- 
hydroxybenzyOfeocyanufate, 1,3,5 - tris - (3,5 - dl - t - butyl - 4 - hydroxyphenyDpropionyl - 
oxyethyl isocyanurata, 2 - octyithio - 4.8 - dl - (4 - hydroxy - 3,5 - dl - t - butyDphenoxy - 1.3,5 - 
triazlne, and pentaerythritol hydroxyphenyl propionate. thiodiglycolbls(3.5 - di - t - buty^ - 4- 
hydroxyphenyl propionate), stearyl - 3 - (3,5 -di -t -butyl -4 - hydroxyphenyDproplonate, bis(4 - 
t - butyl - 3 - hydroxy - 2.6 - dlmethylbenrylthioDterephtiialate. di8teafvl(4 - hydroxy - 3 - 
methyl - 5 - t - butyDbenzylmalonate. stearyl (3,5 - dimethyl - 4 - hydroxybenzyDthioglycolate. 
•bis(3,3 -bi8(4 - hydroxy -3 -t - butylphenyDbutyric acldlglycolester, 4,4' -thiobis(6 -t -buty^ - 
m -cresol), 1.3.5 - tris(2,8 - dimethyl -3 -hydroxy -4 -t - butylbenzyDisocyanurate and 1 ,3,5 - 
tris(2 - hydroxyethyHiaocyanurate - tris(3,5 - di - t - butyl - (4) - hydraxyphenylproplonate). 
" A partlculariy desirable class of polyhydric polycyclic phenols are the dicydopentadiene 
polyphenols, which are of the type: 
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50 
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60 



OH - OH 




In which 

R, and are lower alfcyl, and can be the same or different, and 

n is the number of the groupa enclosed by the brackets, and is usually from 1 to 5. These are 
described in US — PS 3r56T,683. A commerdally available member of this dass is Wfngstay L®, 
exempllffed by dicyclopentadlene trM2-tert-butyf-4-methyl-phenol) of the formula: 



OH OH OH 

^3 CH- ' 

3 CH- 



The polyhydric polycyciic phenols used In the Invention can also be condensatfon products of 
phenol or alkyiphenols with hydrocdrbons having a bicycllc ring structure and a double bond or two or 
more double bonds, ajch as o^plnene, ^Inene, dfpentsne, llmonene, vtnylcyclohexene, dicyclopentadlene, 
allo-ocimene, isoprene and butadiene^ These condensation products are usually obtained under acidic 
conditions in the form of more or less complex mixtures of monomeric and polymeric compounds. 
However^ rt is usually not necessary to Isolate the individual constituents- The entire reaction product, 
merely freed from the acidic condensation catalyst and unchanged starting material, can be used with 
excellent results. While the exact structure of these phenolic condensation products Is uncertain, the Y 
groups linking the phenolic nudei all fall Into the preferred subgenus (1 ). For method of preparation, see 
e.g., US — PS 3,124,555, 3,242,135 and GB — PS 961,504. 

The phosphites and stabilizer compositfons of the invention are especially effective in enhancing 
the resistance to deterioration by heat and light of polyvinyl chloride resins. The term "polyvinyl 
chloride" as used herein Is inclusive of any polymer formed at least in part of the recurring group: 



1 

CI. 



I 

X 



and having chlorine content in excess of 40%. In this group, the X groups can each be either hydrogen 
or chlorine, and n is the number of such units In the polymer chain. In polyvinyl chloride homopolymers, 
each of the X groups Is hydrogen. Thus, the term Includes not only polyvinyl chloride homopolymers but 
also after-chlorinated polyvinyl chlorides as a class, for example, those disclosed In GB — PS 893,238 
and also copolymers of vinyl chloride In a major proportion and other copolymerizable monomers In a 
minor proportion, such as copolymers of vinyl chloride and vinyl acetate, copolymers of vinyi chloride 
with maieic or fumaric acids or esters, and copolymers of vinyl chloride with styrene. The stabilizer 
compositions are elective also with mixtures of polyvinyl chloride In a major proportion with a minor 
proportion of other synthetic resins such as chlorinated polyethylene or a copolymer of acrylonitrile, 
butadiene and styrene. 

The phosphites and stabilizer compositions are applicable to the stabilization of rigid polyvinyl 
chloride resin compositions, that is, resin compositions which are formulated to withstand high 
processing temperatures, of the order of 191 and higher, as well as plastlcized polyvinyl chloride 
resin compositions of conventional formulation, even though resistance to heat distortion is not a 
requisite. Conventional plasticizers well known to those skilled In the art can be employed, such as, for 
example, dioctyl phthalate, octyl di phenyl pho^hate and epoxidized soybean oil. 

Particularly useful plasticizers are the epoxy higher esters having from 20 to 1 50 carbon atoms. 
Such esters will Initially have had unsaturation in the alcohol or acid portion of the molecule, which Is 
taken up by the formation of the epoxy group. 
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Typical unsaturated acld9 are; aerylie, olele^ linoleic, llnotanic, erucic; ricinoleic; and braGsidic 
acids; and ttiese may be* esterffied with organic monohydriaor polyhydrtc alcohols> the total number of 
carbon atoms of the; acid and thoF- alcohof baing; within the range- stated. TypicaJ jnonohydric alcohols 
Incjuda butyl a4cohol, Z-ethyl hexyl alcohol lauiyi alcohol, isooctyl alcohol, stearyi alcohoL and oleyl 

s aicoltoL The octyl alcohols are^ preferred. Typical polyhydric alcohols Include pentaerythritoU glycerol, 
ethylene glycoL T A-propyleneglycoI, 1 ,4-fautylene glycol, neopentyi glycol, ricinoleyr alcohol, erythritoL 
mannitol and sorbitol. Glycerol laprefiarredj. These alcohols may be fully or partially esterifled with the- 
epoxidized add. Also useful are^ the epoxidized; mixtures of higher fatty acid esters found In naturally- 
occurring oils such as epoxidized soybean oil, epoxidlzdd olive oil, epoxidized coconut oil, epoxidized 

to cotton-seed oH, epoxidized tall oil -^tty acid esters: and epoxidized tailow^ Of these, epoxidized soybean 
oil Is preferred; ^ 

The alcohol can contain the epoxy group and have a long or short chain, and the- acid can nave a 
short or long chain, such as epoxystearyl acetate-, epoxystearyl stearata, glycldyl staarate, and 
polymerized glyddyl methacrylate. 

te- The polyvinyl chloride^ resin can be in any physical form, Including, for example, powders, films, 

sheets, molded ardc]es> foams; filaments and yams.. 

A- sufficient amount of the phosphfte* and stabilizer composition Is used to enhance the resistance 
of the polyvinyl chloride to deterioration in physical properties, including, for example, discoloration and 
embrlttlement, under the heat and/or light conditions to which the polymer will be subjected. Very 

20 small amounts are usually adequete. Amounts sMihin the range from 0.01 to 5% of the phosphite and 
from 0.01 to 1096 of the stabilizer composition by weight of the polyvinyl chloride resin are satisfactory. 
Preferably, an amount within the range from 0.05 to 2% of phosphite, and from 0.1 to 5% of stabilizer 
compodtlon, is employed for optimum stabilizing effectiveness. 

The phosphites and stabilizer compositions of the Invention can be employed as the sole 

Z5 stabilizers. They can also be used In combination with other conventional heat and light stabilizers for 
polyvinyl chloride resins, such as, for example, polyvalent metal salts and alkaline earth metal 
phenoiates, as wed as epoxy compounds. 

A partlcularty useful stabilizer system contains the following amounts of ingredients: 
(a) phosphite in an amount within the range from 25 to 45 parts by weight; 

30 (b) phenolic antioxidant In en amount within the range from 0.01 to 1 part by weight; 

(c) polyvalent metal salt of an aliphatic carboxylic acid or of an alkyi phenol in an amount within 
the range from 25 to 46 parts by weight; 

plus any one or more of the following optional ingredients: 

(d) free aliphatic carboxylic acid in an amount within the range from 0.5 to 5 parts by weight; 
as (e) acid phosphite in an amount within the range from 0.5 to 5 parts by weight 

In addition, any of the conventional polyvinyl chloride resin additives, such as lubncants, 
emuisiflers, antistatic agents, flame-proofing agents, pigments and fillers, can be employed. 

Preferably, the stabilizer system is added to the polyvinyl chloride resin in an amount to provide in 
the resin from 0.2 to 1% of the phosphite; from 0.1 to 2% of phenolic antioxidant; and from O to 1% 
40 total of one or more of the- additional Ingredients, as noted above. • 

The stabilizer system Is incorporated in the polymer In suitable mixing equipment, such as a mill 
or a Banbury mixer. If the polymer has a melt viscosity which is too high for the desired use, the 
polymer can be worked until its melt viscosity has been reduced to the desired range before addition of 
the stabilizer. MWng is continued until the mixture is substantially uniform. The resulting composition is 
45 then removed from the mixing equipment and brought to the size and shape desired for marketing or 
use. 

The stabilized polyvinyl chloride resin can be worked into the desired shape, such as by milling, 
calendering, extrusion or injection molding, or fiber-forming. In such operations, It wHl be found to have 
a considerably improved resistance to discoloration and embrittlement on exposure to heat and light. 

50 The phosphites and stabilizer compositions of the invention are especlaly effective heet stabilizers 

for olefin polymers such as polyethylene, polypropylene, polybutylene, poiypentylene, polyisopentylene, 
and higher, polyoleftns. ^ ^ ^ ^ 1*- - 

Olefin polymers on exposure to elevated temperatures undergo degradation, resulting m 
embrittlement and discoloration. ^ ■ .t 

55 The phosphites and stabilizer compositions can be employed with any olefin polymer especially 

from cr-olefins having from 2 to 6 carbon atoms, including low-density polyethylene, high density 
polyethylene, polyethylenes prepared by the Ziegler-Natta process, polypropylenes prepared by the 
Zlegler Natta process, and by other polymerization methods from propylene, poly(butene-l)- 
polyCpentene-l )poly(3-methylbutene-1 )poly(4-methylpentBne-1 ), polystyrene, and mtoures of 

60 polyethylene and polypropylene with other copmpattble polymers, such as mixtures of polyethylene and 
polypropylene, and copolymers of such olefins, such as copolymers of ethylene, propylene, and butene, 
with each other and with other copolymerlzable monomers. The term "olefin polymer" encompasses 
both homopolymers and copolymers. . . ^ 

Polypropylene solid polymer can be defined in a manner to differentiate it from other polyofeflns 

55 as having a density within the range from 0.86 to 0.91, and a melting point about 150*C. The 
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phosphites of the invention are apptrcabie to alt such polypropylenes, as distinguished from 
poiypropylerm in the liquid form or In samf-llquld. of gei-lilce forms, such as are used as greases and 

The phosphites and stabilizer compositions of the invention are applicable to polypropylenes 
s prepared by any of the vanous procedures, for the molecular weight and tacticlty are not factors 
affecting this stabilizer systemr isotactic polypropylener available commerciaily under the trade name 
PRO — FAX®, and having a softening or hot^worldng temperature of about 1 77^C, is an example of a 
sterically regular polypropylene polymer. 

Mixtures of polypropylene with other compatible polymers and copolymers of propylene with 
to copolymerizable monomers not reactive with the phosphites or stabilizer composition can also be 
stabilizedp for sample, mixtures^ of polyethylene and polypropylene, and copolymers of propylene and 
ethylene stabilizer. 

The phosphites and stabilizer compositions are also effective to enhance the resistance to heat 
degradation of polystyrene; polydienes, such as polybutadiene and polyisoprene; and copolymers of 
fs olefins and dlenes with other ethylenically and acetyl enica I ly unsaturated monomers, such as ethylene- 
vinyl acetate copolymers, styrene-butadlene copolymers, acrylonltriiestyrene-butadiene copolymers, 
synthetic rubbers of all types^ such as polychloroprene; poyvinylidene chlonde; and copolymers of vinyl 
chloride and vinylidene chloride; vlnylidene chloride and vinyl acetate; and other ethylenically un- 
saturated monomers; poiyacetats such as polyoxymethylene and polyoxyethyiene; polycarbonates; 
20 polyphenylene oxides; mixed polyphenyiene oxldepolystyrene-ixsly carbonate; polyesters such as 
polyethylene glycol-terephthallc acid ester polymers; poly amides such as poly-epsllon-caprolactam; 
potyhexamethylene adipamide and potydecamethylene adipamlde; polyurethanes; and epoxy resins. 

The synthetic polymer can be in any physical form, including (for example) filaments, yams, films, 
sheets, molded articles, latex and foam, 
25 A sufficient amount of the stabilizer composition including the phosphite and phenolic antioxidant 

Is used to improve the resistance of the synthetic polymer to deterioration in physical properties, 
including, for example, discoloration, reduction in melt viscosity and embrfttlement, under the 
conditfons to which the polymer will be subjected. Very small amounts are usually adequate. Amounts 
within the range from 0.001 to 5% total stabilizers by weight of the polymer are satisfactory. 
30 Preferably, from 0.01 to 3% is employed, for optimum stabilization. 

The stabilizer compositions of the Invention can be employed as the sole stabilizers or in 
combination with other conventional heat and fight stabilizers for the particular olefin polymer. 

Thus, for example, there can be employed fatty acid salts of polyvalent metals, and the higher 
fatty acid esters of thiodlpropionic acids, such as, for example, dilauryl thiodi propionate, 
as With polyamide resin compositions, polyamlde stabilizers such as copper salts in combination 

with iodides and/or other phosphorous compounds and salt of divalent manganese can be used. 
With synthetic rubbers and acryfonitrile-butadlene-styrene terpolymers, polyvalent metal salts of 

higher fatty acids can be used. . _ - - - 

in addition, other conventional additives for synthetic polymers, such as plasticizers, lubricants, 
40 emuisiflers, antistatic agents, flame-proofing agents, pigments and fillers, can be employed. 

The stabilizer composition is incorporated in the polymer in suitable mixing equipment, such as a 
mill or a Banbury mixer. If the polymer has a melt viscosity which is too high for the desired use, the 
polymer can be worked until its melt viscosity has been reduced to the desired range before addition of 
the stabriizers. Mixing is continued until the mixture is substantially uniform. The resulting composition 
4S is then removed from the mixing equipment and brought to the size and shape desired for marketing or 



so 



The satabillzed polymer can be worked into the desired shape, such as by milling, calendering, 
extruding or injection molding or fiber-forming. In such operations, it will be found to have a 
considerably improved resistance to reduction in melt viscosity during the heating, as well as better 
so resistance to discoloration and embrittiement on ageing and heating. 

The following Examples liiustrete preferred stabilizer compositions and resin compositions of the 
invention: 

Examples 1 to 3 

55 A group of cis-1,4-i3oiisoprene compositions was prepared, having the following formulation: 

Ingredient Parts by Weight 



Poly-cis-1 ,4-lsoprene (Mol. weight 680,000) 1 00 

Pentaerythrltol tetrakis (3,5-dl-tert-butyl-4- 0, 1 
hydroxyphenyl) propionate 

P hosph Ite shown in TabI e I 6.2 
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The^ ,4-polyrsoprone, pentaerythdtol tetrakls (3v5KJK-butyl-4-hyroxypbeFivl propionate) and 
phosphite- were dissolved !n ZS.O ml of isooctane, and the Isodctane was then distilled off. This 
polyisoprene composition was. heated at 100^C in a Geer oven for three hours and color of the 
composition was observed, and ther inherent viscosfty in toluene solution before and: after the heating 
^ was measured. 

The* results arer shown In* Table. I. 



TABLE I 



10 



20 



Bcample- 
No. 



Phosphfte 



Inherent viscosity 



Color of 
com position 



Original 



After 
IHeatlng 



Control 
1 

2 



None 

Tris(2,4-di-t-butyl- 
phenyl) phosphite 

Bis{2,4-di-t-butyl-phenyO 
pentaerythrltoi diphosphate 



Brown 
Pale Brown 

Yellow 



4.7 
4.5 



3.9 



3.7 



30 



9S 



40 



48 



SO 



Example 

1 



2,6-Di-t-butyl-4-methyl- 
phenyl phenylpentaerythrftol 
diphosphite 

2,6-DI-t-butyl-4-methyl- 
phenyl isooctylpeotaerythntol 
diphosphite 

Bls(2,6-di-t-butyl-4- 

methylphenyOpentaerythritol 

diphosphite 



Colorless 



Colorless 



Colorless 



4.6 



4.7 



4.8 



4*4 



4.4^ 



4.5 



It is apparent from Controls 1, 2 and 3 that In combination with phenolic antioxidant, the 
phosphites in accordance with the invention give a considerable improvement in effectiveness as 
compared to the phosphites in the combinations of the Controls- 

Examples 4 to 8 

Acrylonitrile-styrene copolymer resin compositions were prepared using stabilizer compositions of 
the invention and having the following formulation: 



Ingredient 

Acrylonitrile-styrene copolymer 

1 ,3,5-Tris(2,6-dimethyl-3-hydroxy-4-t- 
butyl benzyl) Isocyanurate 

Phosphite as shown in Table II 



Parts by Weighty 
100 
0.05 

0.06 



60 



es 



The stabilizers were blended with the resin on a two-roil mill, and extruded at 230^C. Samples 
were prepared by injection molding of the resulting blendr and yellowness measured in a Hunter color 
difference meter. 

Samples were, heated at 230^C for ten minutes before molding, and yellowness again measured 
in a Hunter color difference meter. Samples were also heated at 230®C for twenty minutes, and 
yellowness measured in the same way. 

The results are shown in Table li: 
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0)03^8 876 
TABLE II 



Example 
No. 



Ysllowness- 



Phosphita 



Original 



After 10 
Minutes 



After 20 
Minutes 



Control 
1 



fo 



IS 



2S 



30 



38 



Example 
A 



Bjs(2,4-dl-t-butyl-5-methyl* 
phenyl) pentaerythritol 
diphosphite. 

8is(2,6-d)-t-butylphenyl) 
pantaerythrftol cflphosphite 



BIs(2,6-di-t-butyi-4-methyl- 
phenyl) pentaerytiiritol 
diphosphits 

Bis(2,6-d[-t-butyl-4-ethyl- 
phenyl) pentaerythritol 
diphosphlte 

2 r6-D Kt-b u tyl-4-methylphenyl 
cyclohexyl pentaerythritol 
diphosphlte 

2,6-DI-t-butyl-4--methylphenyl 
tridecyi pentaerythritol. 
diphosphlte 

2,6-Dl-t-butyl-4-methylphenyl 
2-cyciohexylphBnyi penta- 
erythritol diphosphlte 



IS 



18 



12 



11 



10 



10 



12 



20 



22 



14 



13 



12 



12 



15 



33 



36 



18 



17 



15 



15 



19 



40 ' It is apparent from the data that the phosphites of the invention are far superior to the phosphites 
of the Controls. 

V' Examples 9 to 13 

Acrylinftrile-butadlene-styrene terpolymer resin compositions were prepared using stabilizer 
4S compositions of the Invention and having the following formulation: 



60 



B8 



Ingredient 

Acryionitrila--butadiene-6tyrene terpolymer 
Calcium atearate 

1 ,3,5-Tris-(3,5-df-t-butyl-4-hydroxy benzyl) 
fsocyanurate 

Phosphite as shown in Table III 



Parts by Weight 
100 
1,0 
0.1 

0.3 



6D 



6S 



The stabilizers were blended with the resin on a two-roil mill and extruded at 200"^^ followed by 
injection molding at 230^C of the resulting blend, to prepare samples. 

Heat stability was evaluated by heating the specimen samples at 135^C in a Geer oven for thirty 
hours. The whiteness of the specimens was evaluated using a Hunter color difference meter. Izod 
impact strength of the specimens was determined before and after Immersion in hot water at lOO^C 
for seventy-two hours. 

The results are shown in Table Hi. 
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Bcample 
No. 



TABLE IN 



izod: impaGt strength 
(fcg;cm/cm) 



Phosphite 



Whiterress 



Onglnal 



After 
Heating. 



After 

Immersion 



10 



Control 
t 



Bis(2,4-dl-t-butyi^ 
6»-fnetliylphenyl)pentar- 
eiythritol diphosphite 



T7.6 



13*3 



20 



2B 



30 



3S 



40 



45 



SO 



58 



Example 



10 



11 



12 



13 



2:,6-Di-t-butyl-4- 
methylphenyl Tsooctyl 
pentaerythritol 
dlphosphite. 

2^6-D^t-^utyl-4- 
methylphenyl stearyi 
pentaerythritol 
diphosphita 

2,6-0l-t-butyl-4- 
methylphenyl benzyl 
pentaerythritol 
diphosphite 

Bls(2,6-di-t-butyl-4- 
methylphenyl) penta- 
erythritol diphosphite 

i6-Di-t.butyl-4- 
methylphenyl nonyiphenyl 
pentaerythrltQl 
diphosphite 



18.7 



19J2 



18.0 



18.S 



18.4 



1T.2 



17.5 



16.9 



17.2 



17.0 



17.6 



17.8 



16.2 



16.7 



16.6 



it is apparent from the data that in the stabilizer compositions of the inventfonr the phosphites of 
the Invention are far superior to the Control. 

Examples 14- to 19 

Polypropylene compositions were prepared using stabilizer compositions of the invention and 
having the following formulation: 



Ingredient 

Polypropylene (Profax 6501®) 
Ca stearate 

Dilauryi thiodlpropionate 

Pentaerythritol tetrafcis (3r5-di-t-butyl-4- 
hydroxyphenyi) propionate 

Phosphite as shown in Table IV 



Parts by Weight 
TOO 
0.2 
0.2 
0.1 

0.1 



55 



The compositions were thoroughly blended for five minutes in a Brabender Ptastograph. 

One part of the mixture was then extruded at 20 rpm, cylinder temperature 230 to 240*^0 and 
head die temperature 250*=*C. Another part was injection molded at 475 )cg/cm^ cylinder temperature 
240**C, nozzle temperature 250®C« to form sheets 95 x 40 x 1 mm. 
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PtecB&2.5 cm* were cut offfrom the sheets and heated at 1 SCC In a Geer oven to evaluate heat 
stability. 

The time In hours required for the sheet to develop a noticeable discoloration and/or 
embrittlemsnt was noted as the hours to failure. 

The yellowness of the- sheet after exposure to ultraviolet light for 72 hours was measured In a 
Hunter color difference meter. 

« The resute obtained are shown In Table IV. 



ro 



18 



Example 
No. 



TA8L£ IV 



Phosphite 



Hours 
to faiiura 



Yellowness {%) 



Original 



After 
72 hours 



Control Bis(2,5-di-t-butylphenyl) 

pentaerythritol diphosphite 



538 



9.0 



Tt,2 



20 



25 



30 



38 



4Q 



4S 



Bcample 

15 
16 
17 



18 



19 



Bi8{2,6-dI-t-butyl-4-methyl- 
phenyl pentaerythritol 
diphosphite 

BIs(2,6-<II-t-butyI-4-ethyl- 

phenyDpentaerythritoi 

diphosphite 

2,6-i^~t-butyl-4-methyP- 
phenyi-3,6-dloxadecyl penta- 
erythritol dipho^hite 

2,6-DI-t-butyl-4-methyl- 
phenyi-3,6,9*trioxatridecyi pen* 
taerythritoi diphosphite 

2, 6-Di-t-b utyj-4-ethy I- 
phenyl Isodecyl penta- 
erythritol diphosphite 

2,e-Di-t-butyl--4-ethyl- 
phenyl-4-f-butyiphenyl 
pentaerythritol diphosphite 



68& 



&38 



6S3 



703 



684 



712 



7.8 



7.9 



7.7 



7.9 



7.8 



7.6 



9.1 



9.5 



9.2 



9.5 



9.4 



9.3 



50 



BS 



It Is apparent from the above results that In the stabilizer compositions of the invention the 
phosphites are superior to the Control in enhancing resistance of the polypropylene polymer 
composition to deterioration when heated and when exposed to ultraviolet light. 

Examples 20 to 30 

Polypropylene compositions were prepared using stabilizer compositiona of the invention with a 
variety of phenolic antioxidants, and having the following formulation: 



BO 



65 
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Ingredient Partff by Weight 

Polypropylene (Profax 65ai<S)) AOO 

* Ca stearate 

Dilauiyl thiodlpropionata 0.2 

Bis<2.6-di-t-butyi-4-methylphenyi)pentaerythrftol 0: 1 

dipho^hite 

Phenollc-antioxidantaa show in Table V 0.1 

The composition was thoroughly blended for five minutes In a Brabender Pfastograph. 

One part of the mixture was then extruded at 20 rpm, cylinder temperature 230 to 240''C and 
head die temperature 250**C. Another part was Injection-molded at 466 bar, cylinder temperature 
240''a nozzle temperature 250*^0, to form sheets 95 x 40 x 1 mm. 

Pieces 2.& cm^ were cut off from the sheets and heated at 1 60°C In a Geer oven to evaluate heat 
20 Stability > 

The time In hours required for the sheets to develop a noticeable discoloration and/or embrittle- 
ment was noted as the hours to failure. 

The yellowness of the sheet after exposure to ultraviolet light for 72 hours was measured in a 
l-lunter color difference meter. 
3s The results obtained are shown in Table V. 



3S 



40 



SO 



eo 
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Example 

No. Phenolic Antioxidant 



TABLE V 



Heat 

StabHfty 

(hours) 



Yellowfless (%) 



Original 



After 
72 hours 



control 



None 



24^ 



12J3 



Example 

20 2,&-0f-t-butyl-4-methylphenol 98 

2 1 4>4^-Butylldefiebis(2-r-but/h5- 183 
methylphenot) 

22 1,l,3-tris(2-methylr4-hydroxv . 216 
5-t-butylphanyl) butane 

23 1,3,5-Trlmethyl-2A6-tris 338 
(3,5H:ii-t-butyl-4-hydroxybenzyl) 
benzene 

24 Stearyl-3,5-di-t-butyl-4- 642 
hydroxyphenyl propionate 

25 Thiodlethyiene glycolbis 628 
(3 ,5-dl-t-butyl-4-hydroxy- 
phenyDpropionate 

26 1 .6-Hexanediolbis(3,5-di-t- 620 
butyl-4-hydroxyphenyi propionate) 

27 ' 1 ,3.5-Tris(2-hydroxyethyl 674 

Isocyanurate trfs(3,5-dUt-^utyi-- 
4-hydroxyphenyl propionate) 

28 Pentaerythritol tetraids (3,5- 685 
dl-t-biityl-4-hydroxyphenyl 

propionate) , . • - 

29 1 ,3,5-Tris(3,5-di-t-butyl^ 71 6 
hydroxybenzyl) fsocyanurate 

30 1 ,3,5-Tris{2,8-dimethyl-4- 650 
t-biityl-3-hydroxybenz/i) 

Isocyanurate 



10.3 
9.7 

9.8 

9.1 

7.7 
8.2 

7.8 
8.0 

7.8 

7.6 
7.8 



15.2 
12.7 

12.4 

11.6 

9.3 
9.9 

9.6 
9.2 

9.1 

9.0 
9.3 



It IS apparent from the above data that ths phenolic antioxidants appreciably Improve the 
effectiveness of the phosphtta Control. 

Examples 31 to 35 

High density polyethylene compositions were prepared using stabilizer compositions of the 
invention, and having the follovWng formulation: 
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Ingredient Parts by Weiqht 

High-density polyethylene (Hizex 5100d§>) 100 
DIstearyl thiodiproplonate 

Stearyi 3,5-di-t-butyl-4-hydroxyphenyl 0.1 
propionate 

P hosphrte as shown in Table Vi 0. 1 



The stabilizers were blended with the poiymer on a two-roii mfli at 1 50* C for five minutes, and 
sheets 1 mm thick were prepared by compression molding of the blend at 150°C and 180 bar 
pressure* 

Pieces 10 X 20 mm were cut off from the sheets., and heated at ISO^C in a Geer oven on 
aluminium foil. 

The time In hours when degradation set In, as determined by a significant discoloration and/or 
embrfttlement was noted as hours to failure. 
The results are reported in Table VI. 



Hours to 
Failure 



523 



683 



675 



702 



648 



650 



It is apparent from the above results that the phosphites of the invention are superior to the 
Control phosphite in enhancing the resistance of the polyethylene polymer composition to deterioration 
when exposed to heat. 



TABLE VI 
Example No. Phosphite 



Control Bis<2.t4>utyi-4,6-dimethylphenyl) 
pentaerythritol diphosphlte 



Example 

3 1 Bls(2,6-di-t-butyl-4-methylphenyl) 
pentaerythritol dlphosphite 

32 2,3-Oi-t-butyl«4-methylphenyl' 
isotrfdecyl pentaerythritol 
dlphosphite 

33 2.5-Di-t-butyl-4-methylphenyJ- 
2-ethylhexyl pentaerythritol 
dlphosphite 

34 2,6-Di-t-butyl-4-ethylphenyl 
dinonylphenyl perttaer/thritol 
dlphosphite 

35 2,6-DI-t-butyl-4-ethylphenyl- 
4-t-octylphenyl pentaerythritol 
dlphosphite 



23 



THIS PAGE BLANK (Ms?":>y 



O OS8 876 



Bcampies 36 to 40 
Resin compositions having the following compositian were prepared: 



Ingredient 

Poly(2,6-dimethyl-1 ,4-phenyleneoxide) 

Polystyrene 

Polycarbonate 

Phosphite as shown In Table VII 



Partsr by Weight 
50 
47.5 
2.5 
3 

0.5 



The tngredients were mixed and then extruded at 60 rpm, 260^C, followed by injection molding 
at 290*=*C to prepare the test pieces. The heat stability was evaluated by heating the test pieces in a 
Geer oven at 125*'C for 100 hours. Elongation and Izod impact strength were measured before and 
after the heating, and the percent elongation and percent izod Impact strength retaining were 
calcuJated. 

The. results are shown In Table Vll. 



Example No. 



TABLE. Vll 



Phosphite 



96 

Elongation 
Retained 



% Izod Impact 
Strength Retained 



Control Bls(2,4-di-t-butyl-6-methyl- 
phenyl) pentaerythritol 
diphosphlte 



40 



53 



Example 
35 



37 



38 



39 



40 



Bis(2r6-dl-t-butyl-4-methyl- 
phenyl) pentaerythritol 
diphosphlte * . 

2«6-0l-t-butyl-4-methyl- 
]:^enyi-2,4^i-t-butylphenyl 
pentaerythritol diphosphlte 

2.6-Di-t-butyl-4-methyl- 
phenyl lauryl pentaerythritol 
diphosphlte 

2,6-Di-t-butyl--4-ethylphenyl- 
2-phenyiphenyl pentaarythritoi 
diphosphlte 

2,6-DI-t-butyl-4-ethylphenyl 
oleyl pentaerythntol 
{^phosphite 



58 



52 



54 



50 



54 



71 



69 



75 



68 



70 



The phosphites of the Invention are clearly more effective heat stabilizers than the Control 
phosphite. 
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Examples 41 to 43* 

Polycartxsnate resin compositions were prepared having the- following formulation: 
Ingredient Parts by Weight 



Pi3lycarbonate 100 
Phosphite as ahown in Table Vlil 0,2 

The Ingredients were mixed and compresslon-molded at 2TO*C to prepare a sheet 1 mm thick. 
Heat stability was evaluated. by heating the sheets in aGeer oven at230''C.ftjrthfrty minutes* and then, 
observing the color of the sheets. 

The results are shown In Table Vil 



TABLE VHI 

Color of 

Example No. Phosphite . Sheet 



Control BIs(2,4-di-t-butylphenyl) Yellow 
pentaerythritol diphosphite 



Example 

41 Bis(2,6-dl-t4iutyl-4-methylphenyl) 
pentaerythritol diphosphite 

42 Bf5(2,6-dl-t^butyl--4-ethylphenYl) 
pentaerythritol diphosphite 

43 2,6-DI-t-butyl-4-methyiphenyl 
Isodecyl pentaerythrital diphosphite 

The phosphites of -the. invention *are clearly more effecth/e heat stabilizers than the Control 
phosphite. 

Claims 

1. 2,6-Di-tertlary butyl phenyl pentaerythritol spiro bis-phosphites having the structure: 



R 
I 

CH3-C-CH3 

CH3-C-CH3 
R 

wherein: 

R Is alkyi having from 1 to 6 carbon atoms; 
Is methyl or ethyi; and 

Rj is selected from aikyi having from 1 to 8 carbon atoms; cycloalkyi having from 3 to 12 carbon 
atoms; and alkaryl and aryl having from 6 to 30 carbon atoms: such groups substituted with from 
1 to 4 oxy ether (— O— ) and/or carfooxyiic ester ( — COO — ) groups; 



Colorless 
Colorless 
Colorless 
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ths residue of a poiyhydric alcohol having.from 2 to 1 8 carbon atoms^ and 2 to 1 0 hydroxyl groups, the 
residue- being, bond to the phosphorus atom by an oxy group of a hydroxyf group; and the re^dua of a 
polyphenol having frorrrS to 18 carbon atoms and from 2. to 10 phenolic hydroxy! groups, tha residue 
R'2 being bond to the phosphorus atonr by an oxy group of a phenolic group and may be a benzyl 
radical when R is a methyl radical and is an ethyl radical. 

2. 2:,&-DI-tertlary butyl phenyl pentaerythritol spiro bis-phosphftes according to claim 1 in which 
the R IS methyl or ethyl ancvor R| is methyl. 

3. 2,6-OI-tertiary butyl phenyl pentaerythritol spIro bis-phosphites according to claim 1 or 2 In 
which Rj is alkyi or alkyi substituted with oxyethyl ( — O — ). 

4v 2,6-Di-tBrtlary butyl phenyl pentaeryithritol spiro bisphosphites according to claim 1 to 3 in 
which Is alkyl substituted with carboxyllc ester (COO — ), cycioaikyt, aryL alkaiyl. the residue of a 
polyhydric alcohof or the residua of a polyphenol. 

&. 2,6^i-tertlary butyl phenyl pentaerythritol spiro bis-phosphltes according to claim 1 In which R 
and R^ are each methyl and R, is alkyl, the residue of a polyhydric alcohol or the residue of a polyphenol. 

6. A compound according to claim 1, namely 2<6-di-t-butyl-4-methyiphenyi-isotrldecyl penta- 
erythritol diphosphite,. 2,6-di-t-butyl-4^thylphenyl-2r-6thylhe}cyl pentaerythritol diphosphite, 2,8-di-t- 
butyl-4HTiethylphenyi-2'-cyck>hexyiphenyl pentaerythritol diphosphite. 

7. A compound according to claim 1 , namely bis (2,6-di-t-butyl-4-methylphenyl)-pentaerythrftol 
diphosphite and bis(2,6-dl-t-butyl-4-ethylph6nyl) pentaerythritoi diphosphite. 

8. A stabilizer composition capable oip enhancing resistance to deterioration by heat and/or light of 
synthetic resin compositions comprising a phenolic antioxidant and a phosphite according to claim 1 . 

9. A stabilizer compositton according to claim 8 in which the phenolic antioxidant has the formula: 




wherein: 

R is selected from the group consisting of hydrogen; halogen; and organic radicals containing 
from 1 to 30 carbon atoms; and 

x^ and X2 are Integers from one to four, and the sum of x^ arKi X2 doss not exceed six. 

10. A stabilizer composition according to claim 9 in which the phenolic antioxidant has the 
formula: 

(Ar)„ — Y— (Ar)^ 
I I 

wherein: 

Y is a polyvalent linking groiup selected from the group consisting of oxygen; carbonyl; sulfur; 

sulfinyl; and aromatic, aliphatic and cycloallphatlc hydrocarbon groups and oxyhydrocarbon, tiiio- 

hydrocarbon and heterocyclic groups having from 1 to 20 carbon atoms; 

Ar is a phenolic nucleus having at least one up to five free phenolic hydroxyl groups; and 
mi and m^ are numbers from one to five, and n, and n^ are numbers from one to four. 

1 1 . A stabilizer composition according to claim 9 in which tiie phenolic antioxidant has the 
formula: 




wherein: 

R^, R2 and R3 are inert substituent groups selected from halogen, alkyl, ary\, alkaryl, aralkyl, 
cycloaltenyl, cycioalkyl, alkoxy, aryloxy and acyloxy 

(R'C — O) 

11 
O 
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where Is aryi, alkyl or cycloalkyi containing from 1 to 30 carbon^ atoms; thlohydrocarbon groups 
KiaviPig: from 1 to 30 carbon atoms, and carboxyl groups; 

m, and m, are integers from one- ta a- maximum of five^ 
m^ is an= integer from one to a maximum* of four; 
s X, and. are integers: from zero to foun and i 

is an integer from- zero to three; > 
is^ an integer from zero to six; and ^ 
yj is an Integer from one to five. 

12. A stabfilzer composition according to ciaim 9 In whitih the phenolic antioxidant is 
•fo pentaerythritol tetralcts 1 ,3,5-tris(2,6^fmethyl-3-hydroxy-4-t-butylbenryl)isocyanurate. 1.3,5-tri8(3,5- 

d!-t-fautyl-4-hydroxybenzyi)isocyanurate> 1 ,3,5r-tri8<2-hydroxyethyi) lsocyanurate-tri8(3,5^di-t-butyl- 
hydroxyphenyl propionate. 

1 3. A stabilizer composition according to claim 9 in which th& phenolic antioxidant is penta- 
erythritol tetrakls^ {3,&-t-butyl-4-hydroxyphenyl propionate) or 5tearyl-3,5-di-t-butyl-4-hydroxyphenyl 

19 propionate. 

1 4. Synthetic resin composition with Improved resistance to deterioration containing a phosphite 
according to any of the claims* 1 to 7. 

1 5. Composition according to ciaim 14- comprising a polyvinyl chloride resin formed at least In 
part of the recurring group 

20 

X 

I 



25 CI X 

and having a chlorine content in excess of 40%, where X is either hydrogen or chlorine, preferably 
polyvinyl chloride homopoiymer or a copolymer of vinyl chloride and vinyl acetate, and a phosphite in 
accordance with any of the claims 1 to 7 or a stabilizer composition according to any of the claims 8 to 

30 13, having improved resistance to deterioration when heated at 177**^ 

16. Composition according to claim 14 comprising an oiefin polymer selected from the group 
consisting of polymers of alpha-oleflns having from two to six carbon atoms and polystyrene, preferably 
polypropylene, polyethylene or cis-1 ,4-polyi3oprene, an acrylonitrile-butadiene-styrene terpolymer or 
acryionltrlle-styrene copolymer, a polycarbonate resin or a mixed polyphenylene-oxlde-polystyrene- 

35 polycarbonate polymer, and a phosphite according to any of the claims 1 to 7 or a stabilizer com- 
position according to any of the claims 8 to 1 3. 

Revendicatlons _ ^ 

4o 1 - Bls-phpsphttes da 2,6-di-t-butylph6nyl-5piro-pentaer/thritol, ayant la structure: 



45 



80 



CHg-^-CHg 




OCK 



CHgO' 



CH3-C^CH3 
R 



55 

dans iaquelle 

R est un groupe alkyle ayant de 1 d 6 atomes de carbone;, 

R- eat un groupe mdthyle ou 6thyle; , .. . ^ ^ ^ 

Ra est choisi parmi un groupe alkyle ayant de 1 S 1 8 atomes de carbone; cycloalkyi ayant de 3 a 
60 12 atomes de cartaone: at alcaryle et aryle ayant de 6 d 30 atomes de carbone, de tels groupes 
substltuds par 1 d 4 groupes oxy^ther ( — O — ) et/ou ester carboxyllque { — COO — ); le radical d'un 
polyalcool comportant de 2 d 1 8 atomes de carbone et de 2 d 10 groupes hydroxyies, le radical 6tant 
relid ^ I'atome de phosphore par un groupe oxy d'un groupe hydroxyle; et le radical d'un polyphenol 
ayant de 5 a 18 atomes de carbone et de 2 6 10 groupes hydroxyies ph6noliques, le radical R^ 6tant 
es' relid d Tatome de phosphors par un groupe oxy d'un groupe ph4nolique, et Ra peut Stre un radical 
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benz^e lorsque- R est un radical m^thyle 9t que R, est un radical ^thyle. 

Z. Bfsrphosphftes de 2,6-d!-t-butyl-ph6nyi-spiro-penta6ivthrltol selon la rovendication 1 , dans 
lesquels [e radical R est un groupe m^thyla ou ^thyle et/bu R, est un groups mdthyle. 

3. Bisrphosphites da 2,6-di-t-butyl-ph6nyl-splro-penta6rythritol selon ia revendicatlon 1 ou 2, 
dans lesquels est un radical alkyle ou alkyle subsdtud par de l'oxy6ther ( — O — ). 

4. Bis^phosphites de 2^6-di-t-butyiph^nyl-^plro-pantadrythrrtol selon la revendicatlon 1 ^ 3, dans 
lesquels R, est un radical alkyle substltud par un groups- ester carboxylique (COO — )r cycloalkyle, aryle. 
alcaryle, le radical d'un polyalcool ou la radical d'un polyphenol. 

5. Bis-pho^hites da 2,6-di-t^utylph^nyl-spiro-penta4rythrltol salon la revendicatlon 1. dans 
lesquels R et R^ reprdsentent chacun un radical mdthyle, at R2 est un radical alkyle, le radical d'un 
polyalcool ou la radical d'un polyphenol. 

6. Compost selon la revendicatlon 1, i savoir la diphosphlte de 2,6-di-t-butyl-4-m6thylph6nyl- 
isotrid6cyl-panta§rythritol, le diphosphlte da 2,6-dI-t-butyl-4-4thylph6nyl-2-6thyihexyl-panta6rythr!tol, 
le diphosphlte da 2,6-dI-t-butyM-m§thylph6nyl-2-cycIohexylph6nyl-penta#rythritol. 

7. Compose selon la revendicatlon 1. d savoir le diphosphlte da bls(2,6-<ll-t-butyl-4-m6thyl- 
ph§nyl>-panta6rythrltol et le diphosphlte da bls(2,6-dl-t-butyl-4-dthylph6nYl)-penta6rythritol, 

8. Composition stabillsante capable d'amplifter la resistance d une deterioration, par de la chaleur 
et/ou de la lumiere, de compositions da resine synthetiqua* comprenant un antloxygdna phenoilqua et 
un phosphite selon la revendicatlon 1. 

9. Composition stabillsante salon la revendicatlon 8r dans laquelle Tantloxygtoe phenoilqua 
possede la formula 




dans laquelle: 

R est cholsl dans I'ensemble constitu6 par un atome d'hydrogdne; un atome d'halogSne; et das 
radlcaux organlques contenant de 1 d 30 atomes de carbone; et 

X, et X2 sont des nombres antlers valant 1 d 4, et la aomme da x, et x, n'excdde pas 6. 

10. Composition stabillsante selon la revendicatlon 9, dans laquelle rantloxygdna phenoilqua a 
pour formuie: 

(Ar)„ — Y— (Ar)„, 

I I 



dans laquelle 

Y est un groups polyvalent de liaison choisi dans Tensemble constitue par un atome d'oxygdne; 
un groups carbonyle, un atome de soufre; un groupe sulffnyle; et des groupes hydrocarbones,' 
aromatlques, allphatiques et cycioallphatiquas at des groupes oxyhydrocarbones, thiohydrocarbones et 
heterocyclTquas ayant de 1 d 20 atomes de carbone; 

Ar est un noyau phenolique comportant au moins 1 Jusqu'e 5 groupes hydroxyles phenollques 
libres; et 

m, et sont das nombres vaiant 1 d 5, et 
n| et n2 sont des nombres valant 1 d 4. 

1 1. Composition stabilisante salon la revendicatlon 9, dans laquelle I'antioxygene phdnoltque a 
pour formuie: 




dans laquelle 

R,, Rj et R3 sont des substituants Inertes cholsis parmi un atome d'halogene; un groupe alkyle, 
aryle, alkaryle, aralkyle, cycloalc6nyle, cycloalkyle, alcoxy, aryloxy et acyioxy 
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(FTC— O). 

If 
Q 

s formuJa 

dans- IsqubIIb . 

est un gFQupe aryle, alkylerou cydoaikyte contanant da 1 it 30 atomes de carbons; un group© 
thiohydrocarfaond comportant de^ 1 d 30 atonres d& carbons et un groupe^^ carboxyls; 
at m, sont des- nombrea. entiers valant da 1 d un maximum ds- S; 
fQ rnv, est un nombrs- antfer valant det 1 un maxtmum da. 4; 

Xj at x^r sont das. nombrea- sntEers valant de 0 ^ 4{ 

est un nombror entier vaJarrt do- O d 3; 
•y^ est un nombre entier valant de 0 d. 6:; at 

y^ est un nombra antler valant da 1 d 5. 

16 1 2, Composition stablllsante salon la ravendfeatlon- 9, dans laquelle I antioxyg^ne ph6noI|que est 

du t6trakls4l,3,5-trrs(2,6-dIm6thyl-3-hydroxy-^t-butylbenrylHsocyanurataJ de Pf Q^^nrthritol, de 
I'isocyanurate de 1,3,5-tris(3,5-dl-t-butyl-4-hydroxyben2yle), derisocyanurate da 1 ,3,5-tris(2-hydroxy- 
6thyl)-trls(propfonato ds 3,5Hli-t-butyl-hydroxyphdnyle). ...... i- 

13. Composition stablllsante salon la revendlcatlon 9, dans laquelle I antloxygene ph6no<ique est 
20 du pentadrythritol t6traWs(pnj|wonato da 3,5-t-4>utyl-4-hydroxyph6nyle) ou du 3,5-dl-t-t^utyl-4-hydroxy- 
ph6nyl-proplonate de et6ar/le. , . *i 

14* Composition de rdsine synthdthlque- ayant una meiUeura resistance k la d6t6noratton, et 
contenant un phosphite seion Tune quelconquo des revendlcattons 1 ^ 7 

15. Composition salon la revendlcatlon T4» comprenant una rSslna da poly(chlorure da vinylej 
2S form6e au moins en partia du groupe rdcurrentr 
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at ayant une teneur en chlore excfidant 40%, fbmiulo dans laquelle X reprfeente I hydrogSne ou le 
chlora^ de prdffirence un homopolymdre de type polytehlorure da vinyle) ou un copolymdre de chlorure 
de vinyla ou d'acdtata da vinyle, et un phosphite selon I'une quelconque des revendlcations 1 § 7 ou 
une composition stabilisante selon I'une quelconque dea revendlcations 8^13, ayant una mellleure 
resistance d la deterioration' en cas de chauffage d 177®C. ^, i i ^ 

16. Composition salon la revendication 14, comprenant un polymers d olefine cholsl dans 
I'ensemble constitue par des polymeres d'cr-oieflne ayant de 2 ^ atomes de carbone et du polystyrene, 
de pr6f6r«nce du polypropylene, du polyethylene ou du cls-1 ,4i3olylsoprene, un terpolymere acrylo- 
nltrile/butadiene/styrene ou un copolymere acrylonltrlie/styrene, une rdslne de polycarbonate ou un 
polymere mbrte poly(oxyde de ph6nyiene)/polystyrene/polycarbonatB> et un phosphite selon I une 
quelconque dea revendlcations 1 e 7 ou una composition stabilisante selon I'une quelconque des 
revendlcations 8 d 13. 

PatentansprOche 

1. 2,6-OI-tert.butylphenylpentaerythrit-spiro-bis-phosphlte mit der Stuktur: 



CHq — C— CH^ 
CH3-C-CH3 



in welcher 

R fGr AikyI mit 1 bis 6 Kohlenstoffatomen steht; 
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R, Methyl oder Ethyl ist und 

RjausgewShlt lstaus AlkyI mit 1 bis 18 Kohlenstoffatomen, CycloalkyI mlt3 bis 1 2 Kohlenstoff- 
atomen und Alkaryl und Aryl mIt 6 bis 30 Kohlenstoffatomen und derartigen Gruppen, die^ mit 1 bis A 
Oxyeth^-- ( — O — ) und/oder Carboxylester- { — COO — ) Gmppen substituiert sind, aus einem Rest einea 
mehwerdgen Alkohols mit 2 bis 1 8 Kohlenstoff&tomen und 2 bis 10 Hydroxylgruppen, wobei der Rest 
R^durch eine Oxygruppe^elner Hydroxylgruppe an das Phosphoratom gebunden ist: und dem Rest elnes 
Polyphenols mit 6 bis 1 8 Kohlenstoffatomen und 2 bis 1 0 phenoifschen Hydroxylgruppen, wobei der 
Rest R, dundi eine^ Oxygruppe olner phenolischen Gruppe an das Phosphoratom gebunden Ist; und Rj 



1, In welchen R 



ein Benzylr^ sein karin, wann R ein Methylrast ist* und: R^ ein Ethylrest iat^ 

2. 2,6i-DktBrt;-butylphenylpentaerythritrspiro-bis-phosphlt» gemSI^ Anspmch 

Methyl oder Ethyl und/oder R^ Methyl Ist. 

3. 2,6-DI-tert.-butylphenylpentaerythrlt-spiro-bi^hosphlta^gemaR Anspruch 1 oder 2 Jn welchen 
Rj Alky I Oder mit Oxyether ( — 0 — ) substitulertes AlkyI 1st. 

4. 2,6-DI-tert.-butylphenylpentaerythrft-spiro-bl3-phosphite gemi& Anspruch 1 bis 3, In welchen 
Ra fur mit Carboxylester ( — COO — ) substituiertea AlkyI, CycioalkyI, Aryl, Alkaryl, den Rest eInea 
mehrwertigen Alkohols oder den Risst elnes Polyphenols steht. 

5. 2,6-Di-tert.-butylphenylpentaerythrit-6plro-bis-phosphlte gemSS Anspruch 1 , In welchen R und 
R^ Jewells Methyl sind und R2 fur Alkyi. den Rest eines mehrwertigen Alkohols oder den Ret elnes Poly- 
phenols steht. 

6. Elne Verfaindung nach Anspruch 1, nfimllch 2,6-DI-tert.-butyl-4-methylphenyMsotrldecyl- 
pentaerythrit-diphosphlt, 2,e-Dlr-tert,-butyl-4-ethylphenyl-2-ethylhexyl-pentaerythrlt-diphosphit, 2,6- 
Di-terL-butyl-4-methyl|*henyl-2-cyclohexylphenyl-pentaervthritHdiphosphlt. 

7. Bne Verbindung nach Anspmch 1, nSmlich Bi9-(2, 6-dl*tert.-buty M-me thy I phenyl )-penta- 
erythrit-diphosphit und Bis-(2,6-dl-tert.-butyl-4-ethylphenyl)-pentaerythrit-diphosphit. 

8. Stabillsatorsusammensetzung, die die Best§ndlgkeit gegen Zersetzung durch Warine und/oder 
Licht von synthetischen Harzzusammensetzungen verstSrksn kann, enthaltend ein phenolisches Anti- 
oxidatjonsmfttel und ein Phosphlt gemd& Anspruch 1 . - 

9. StabtHsatorzusammenset2ung nach Anspruch 8, In welcher das phenoliache Antloxidations- 
mittel die Forme! hat: 




(OH), 



In welcher . : ? ' ^ 

R ausgewahlt ist aus der Gruppe, die aus Wasserstoff, Halogen und organlschen Resten mit 1 bis 
30 Kohlenstoffatomen besteht> und 

x<, und x, ganze Zahlen von 1 l^s 4 sind, wobei die Summe von x, und x, 6 nicht Qbersteigt. 

TO. Stabilisatorzusammensetzung nach Anspruch 9, In welcher das phenollsche Antfoxfdations- 
mrtteJ die Formel hat: 



{Ar)„ — Y~ {Art 



(OH) 



(OH), 



012 



in welcher 

Y elne mehrwertige verblndende Gruppe 1st, ausgewfihit aus der Gruppe, die aus Sauerstoff, 
Carbonyl, Schwefel, Sulfinyl und aromattschen, aliphatischen und cycloallphatischen Kohlen- 
wasserstoffgruppen sQwie Oxykohlen wasserstoff-, Thiokohlenwasaerstoff- und heterocycllschen 
Gruppen mit 1 bis 20 Kohlenstoffatoman besteht, 

Ar ein Phenolkem mit mindestens einer bis zu 5 freien phenolischen Hydroxylgruppen ist, und. 

m^ und m2 Zahlen von 1 bis 5 sind und n^ und n, Zahlen von 1 bis 4 sind. 

1 1 . Stabilisatorzusammensetzung nach Anspruch 9, in welcher das phenollsche Antloxidatione- 
mittel die Formel hat: 



(OH), 




y2 
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In wetcher 

Ri und inerte Substituengruppen sind; ausgewShlt aus Halogen, Aikyi, Aiyl, Alkaryf, Aralkyl* 
; Cycloalkenyl, Cycloallcyf» Alkoxy> Aryloxy und Aiyloxy 



worin Ary<, Aikyl Oder Cycloalkyl mit 1 bis 30 Kohlenstoffatomen bedeutet, Thiokohlenwasserstoff- 
gruppen mit 1 , bis 30 Kohlenstoffatomen und Carboxylgruppen, 

m\ und ms ganze Ziahlen ^on 1 bis maximai 5 sind; 

nrr^ eina ganxs Zahl von T bis maximai 4 ist; 

X, und x^ ganz» Zahien von O bis 4- sind; und 

x^ eln& ganze Zah( von 0 bis 3 Ist; und 
eine ganze Zaiil von 0 bis 6 ist; und 

y, eine ganze Zahi von 1 bis. 5 ist. 

12. Stabllfsatorzusammensetzung nach Anspruch 9, in welchsrdas phenolische Antioxidations- 
mittei Pentaefythrit-tetrakisr-l «3«5-trfs<2,6-dimathyf-3-hydroxy-4-teft.-butylbenzyl)isocyanuat, 1,3,5- 
Trls-{3 ,5-dJ-tert.-butyl-4-hydrQxybenzyl)-lsocyanurat, 1 ,3,&-Tiis-(24iydroxyethylHsocyanurat-tris(3,5- 
dt-tert.-butyl-hydroxyphenylpropionat) ist. 

13. Stabllisatorzusammensetzung nach Anspruch 8, In welcher das phenollsche Antioxidations- 
mittei PentBeryrthHt-tetrakis-{3r5-taft.-butyf-4-hydroxypheny(propionat) oder Stearyl-3,5^i-tert.-butyl- 
4-hydroxyphenylpropionat ist. 

14. SynthetJsche Harzzusammensetzung mit verbesserter BestSndigkelt gegen Zersetzung, 
enthaltend efn PhospMt gemfiQ einem der Anspruche 1 bis 7. 

1 5. Zusammensetzung nach Anspruch 1 A, die ein Polyvinyichlorid-Harz, das zumindest tetiweise 
aus der wiederkehranden Gruppe 

X 

I 

c— 



gebildet 1st und einen Chlorgehalt von mehr a(s aufweist, in welcher X entweder Wasserstoff oder 
Chlor 1st, vorzugswelse ein Polyvinyichlorid-Homopoiymer oder ein Copoiymer von Vlnylchlorid und 
Vinyiacetat, und ein Phosphit gema& etnem der AnsprOche 1 — 7 oder sine Stabilisatorzusammsns9t- 
zung gemaQ einem der Anspruche 8 — 13, umfa&t und bel Erhitzung auf 177^C sine verbesserte 
\AAderstandsfahigkeit gegen Zarsetzung aufweist. 

16. Zusammsetzung nach Anspmch 14, die ein Olefinpolymer ausgewahit aus der Gruppe: 
Polymere von ix^leflnen mit 2 — 6 Kohlenstoffatomen und Polystyrol, vorzugswelse Polypropylen, 
Polyethylen oder cls-1 .4-Polylsopren. ein Acrylnitrii-Butadien-Styrol-Terpolymer oder Acryinltril-Styrol- 
Copolymer, ein Poiycarbonat-Harz oder ein gemischtes Poiyphenyien-oxid-PoIyatyrol-Polycarbonat- 
Polymer, und ein Phosphit nach einem der Anspruche T — 7 oder eine Stabllisatorzusammensetzung 
nach einem der Anspruche 8 — 13 umfal^t. 
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